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(54) Electric arc welding system 

(57) An electric arc welding system for creating a 
first AC welding arc (AC1 ) with a first current waveform 
(420) between a first electrode and a workpiece by a 
first power supply and a second AC welding arc (AC2) 
with a second current waveform (430) between a sec- 
ond electrode and a workpiece by a second power sup- 
ply as the first and second electrodes are moved in uni- 
son along a welding path, where the first and second 



power supply each comprising a high speed switching 
inverter creating its waveform by a number of current 
pulses occurring at a frequency of at least 18 kHz with 
the magnitude of each current pulse controlled by a 
wave shaper and the polarity of the waveforms is con- 
trolled by a signal. The first AC waveform has a positive 
portion substantially different in energy than its negative 
portion and/or has either a different shape and/or a syn- 
thesized sinusoidal portion. 
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Description 

[0001 1 The present invention relates to the art of elec- 
tric arc welding and more particularly to an electric arc 
welding system to operate tandem electrodes. 
[0002] The present invention is directed to an electric 
arc welding system utilizing high capacity alternating cir- 
cuit power supplies for driving two or more tandem elec- 
trodes of the type used in seam welding of large metal 
blanks. Although the invention can be used with any 
standard AC power supply with switches for changing 
the output polarity, it is preferred that the power supplies 
use the switching concept disclosed in Stava 6,111 ,21 6 
wherein the power supply is an inverter having two large 
output polarity switches with the arc current being re- 
duced before the switches reverse the polarity. Conse- 
quently, the term "switching point" is a complex proce- 
dure whereby the power supply is first turned off await- 
ing a current less than a preselected value, such as 1 00 
amperes. Upon reaching the 1 00 ampere threshold, the 
output switches of the power supply are reversed to re- 
verse the polarity from the D.C. output link of the invert- 
er. Thus, the "switching point" is an off output command, 
known as a "kill" command, to the power supply inverter 
followed by a switching command to reverse the output 
polarity. The kill output can be a drop to a decreased 
current level. This procedure is duplicated at each suc- 
cessive polarity reversal so the AC power supply revers- 
es polarity only at a low current. In this manner, snubbing 
circuits for the output polarity controlling switches are 
reduced in size or eliminated. Since this switching con- 
cept is preferred to define the switching points as used 
in the present invention , Stava 6,111 ,21 6 is incorporated 
by reference. The concept of an AC current for tandem 
electrodes is well known in the art. Patent No. 6,207,929 
discloses a system whereby tandem electrodes are 
each powered by a separate invertertype power supply. 
The frequency is varied to reduce the interference be- 
tween alternating current in the adjacent tandem elec- 
trodes. Indeed, this prior patent of assignee relates to 
single power sources for driving either a DC powered 
electrode followed by an AC electrode or two or more 
AC driven electrodes. In each instance, a separate in- 
vertertype power supply is used for each electrode and, 
in the alternating current high capacity power supplies, 
the switching point concept of Stava 6,111,216 is em- 
ployed. This system for separately driving each of the 
tandem electrodes by a separate high capacity power 
supply is background information to the present inven- 
tion and is incorporated herein as such background. In 
a like manner, United States Patent No. 6,291 ,798 dis- 
closes a further arc welding system wherein each elec- 
trode in a tandem welding operation is driven by two or 
more independent power supplies connected in parallel 
with a single electrode arc. The system involves a single 
set of switches having two or more accurately balanced 
power supplies forming the input to the polarity revers- 
ing switch network operated in accordance with Stava 



6,111 ,21 6. Each of the power supplies is driven by a sin- 
gle command signal and, therefore, shares the identical 
current value combined and directed through the polar- 
ity reversing switches. This type system requires large 

5 polarity reversing switches since all of the current to the 
electrode is passed through a single set of switches. 
Patent No. 6,291,798 does show a master and slave 
combination of power supplies for a single electrode and 
discloses general background information to which the 

10 invention is directed. For that reason, this patent is also 
incorporated by reference. An improvement for operat- 
ing tandem electrodes with controlled switching points 
is disclosed in Houston 6,472,634. This patent is incor- 
porated by reference. 

15 

BACKGROUND OF INVENTION 

[0003] Welding applications, such as pipe welding, of- 
ten require high currents and use several arcs created 
20 by tandem electrodes. Such welding systems are quite 
prone to certain inconsistencies caused by arc distur- 
bances due to magnetic interaction between two adja- 
cent tandem electrodes. A system for correcting the dis- 
advantages caused by adjacent AC driven tandem elec- 
ts trades is disclosed in Stava 6,207,929. In that prior pat- 
ent, each of the AC driven electrodes has its own invert- 
er based power supply. The output frequency of each 
power supply is varied so as to prevent interference be- 
tween adjacent electrodes. This system requires a sep- 
30 arate power supply for each electrode. As the current 
demand for a given electrode exceeds the current rating 
of the inverter based power supply, a new power supply 
must be designed, engineered and manufactured. 
Thus, such system for operating tandem welding elec- 
ts trodes require high capacity or high rated power sup- 
plies to obtain high current as required for pipe welding. 
To decrease the need for special high current rated pow- 
er supplies for tandem operated electrodes, assignee 
developed the system disclosed in Stava 6,291,798 
40 wherein each AC electrode is driven by two or more in- 
verter power supplies connected in parallel. These par- 
allel power supplies have their output current combined 
at the input side of a polarity switching network. Thus, 
as higher currents are required for a given electrode, 
45 two or more parallel powersupplies are used. In this sys- 
tem, each of the power supplies are operated In unison 
and share equally the output current. Thus, the current 
required by changes in the welding conditions can be 
provided only by the over current rating of a single unit. 
so A current balanced system did allow for the combination 
of several smaller power supplies; however, the power 
supplies had to be connected in parallel on the input side 
of the polarity reversing switching network. As such, 
large switches were required for each electrode. Con- 
55 sequently, such system overcame the disadvantage of 
requiring special power supplies for each electrode in a 
tandem welding operation of the type used in pipe weld- 
ing; but, there is still the disadvantage that the switches 
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must be quite large and the input, paralleled power sup- 
plies must be accurately matched by being driven from 
a single current command signal. Stava 6,291 ,798 does 
utilize the concept of a synchronizing signal for each 
welding cell directing current to each tandem electrode. 
However, the system still required large switches. This 
type of system was available for operation in an ethemet 
network interconnecting the welding cells. In ethernet 
interconnections, the timing cannot be accurately con- 
trolled. In the system described, the switch timing for a 
given electrode need only be shifted on a time basis, but 
need not be accurately identified for a specific time. 
Thus, the described system requiring balancing the cur- 
rent and a single switch network has been the manner 
of obtaining high capacity current for use in tandem arc 
welding operations when using an ethemet network or 
an internet and ethemet control system. There is a de- 
sire to control welders by an ethernet network, with or 
without an internet link. Due to timing limitation, these 
networks dictated use of tandem electrode systems of 
the type using only general synchronizing techniques. 
[0004] Such systems could be controlled by a net- 
work; however, the parameter to each paralleled power 
supply could not be varied. Each of the cells could only 
be offset from each other by a synchronizing signal. 
Such systems were not suitable for central control by 
the internet and/or local area network control because 
an elaborate network to merely provide offset between 
cells was not advantageous. Houston 6,472,634 dis- 
closes the concept of a single AC arc welding cell for 
each electrode wherein the cell itself includes one or 
more paralleled power supplies each of which has its 
own switching network. The output of the switching net- 
work is then combined to drive the electrode. This allows 
the use of relatively small switches for polarity reversing 
of the individual power supplies paralleled in the system. 
In addition, relatively small power supplies can be par- 
alleled to build a high current input to each of several 
electrodes used in a tandem welding operation. The use 
of several independently controlled power supplies par- 
alleled after the polarity switch network for driving a sin- 
gle electrode allows advantageous use of a network, 
such as the internet or ethemet. 
[0005] In Houston 6,472,634, smaller power supplies 
in each system are connected in parallel to power a sin- 
gle electrode. By coordinating switching points of each 
paralleled power supply with a high accuracy interface, 
the AC output current is the sum of currents from the 
paralleled power supplies without combination before 
the polarity switches. By using this concept, the ethernet 
network, with or without an internet link, can control the 
weld parameters of each paralleled power supply of the 
welding system. The timing of the switch points is accu- 
rately controlled by the novel interface, whereas the 
weld parameters directed to the controller for each pow- 
er supply can be provided by an ethemet network which 
has no accurate time basis. Thus, an internet link can 
be used to direct parameters to the individual power 



supply controllers of the welding system for driving a sin- 
gle electrode. There is no need for a time based accu- 
racy of these weld parameters coded for each power 
supply. In the preferred implementation, the switch point 

5 is a "kiir command awaiting detection of a current drop 
below a minimum threshold, such as 100 amperes. 
When each power supply has a switch command, then 
they switch. The switch points between parallel power 
supplies, whether instantaneous or a sequence involv- 

10 ing a "kill" command with a wait delay, are coordinated 
accurately by an interface card having an accuracy of 
less than 10 u,s and preferably in the range of 1-5 u.s. 
This timing accuracy coordinates and matches the 
switching operation in the paralleled power supplies to 

is coordinate the AC output current. 

[0006] By using the internet or ethernet local area net- 
work, the set of weld parameters for each power supply 
is available on a less accurate information network, to 
which the controllers for the paralleled power supplies 

20 are interconnected with a high accuracy digital interface 
card. Thus, the switching of the individual, paralleled 
power supplies of the system is coordinated. This is an 
advantage allowing use of the internet and local area 
network control of a welding system. The information 

25 network includes synchronizing signals for initiating sev- 
eral arc welding systems connected to several elec- 
trodes in a tandem welding operation in a selected 
phase relationship. Each of the welding systems of an 
electrode has individual switch points accurately con- 

30 trolled while the systems are shifted or delayed to pre- 
vent magnetic interference between different elec- 
trodes. This allows driving of several AC electrodes us- 
ing a common information network. The ' Houston 
6,472,634 system is especially useful for paralleled 

35 power supplies to power a given electrode with AC cur- 
rent. The switch points are coordinated by an accurate 
interface and the weld parameter for each paralleled 
power supply is provided by the general information net- 
work. This background is technology developed and 

40 patented by assignee and does not necessarily consti- 
tute prior art just because it is herein used as "back- 
ground." 

[0007] As a feature of the system in Stava 6,207,929, 
two or more power supplies can drive a single electrode. 

45 Thus, the system comprises a first controller for a first 
power supply to cause the first power supply to create 
an AC current between the electrode and workpiece by 
generating a switch signal with polarity reversing switch- 
ing points in general timed relationship with respect to 

50 a given system synchronizing signal received by the first 
controller. This first controller is operated at first welding 
parameters in response to a set of first power supply 
specific parameter signals directed to the first controller. 
There is provided at least one slave controller for oper- 

55 ating the slave power supply to create an AC current 
between the same electrode and workpiece by revers- 
ing polarity of the AC current at switching points. The 
slave controller operates at second weld parameters in 
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response to the second set of power supply specific pa- 
rameter signals to the slave controller. An information 
network connected to the first controller and the second 
or slave controller contains digital first and second pow- 
er supply specific parameter signals for the two control- 
lers and the system specific synchronizing signal. Thus, 
the controllers receive the parameter signals and the 
synchronizing signal, from the information network, 
which may be an ethernet network with or without an 
internet link, or merely a local area network. The inven- 
tion involves a digital interface connecting the first con- 
troller and the slave controller to control the switching 
points of the second or slave power supply by the switch 
signal from the first or master controller In practice, the 
first controller starts a current reversal at a switch point. 
This event is transmitted at high accuracy to the slave 
controller to start its current reversal process. When 
each controller senses an arc current less than a given 
number, a "ready signal" is created. After a "ready" sig- 
nal from all paralleled power supplies, all power supplies 
reverse polarity. This occurs upon receipt of a strobe or 
look command each 25 u,s. Thus, the switching is in uni- 
son and has a delay of less than 25 us. Consequently, 
both of the controllers have interconnected data control- 
ling the switching points of the AC current to the single 
electrode. The same controllers receive parameter in- 
formation and a synchronizing signal from an informa- 
tion network which in practice comprises a combination 
of internet and ethemet or a local area ethernet network. 
The timing accuracy of the digital interface is less than 
about 10 v$ and, preferably, in the general range of 1-5 
us. Thus, the switching points for the two controllers 
driving a single electrode are commanded within less 
than 5 us. Then, switching actually occurs within 25 u.s. 
At the same time, relatively less time sensitive informa- 
tion is received from the information network also con- 
nected to the two controllers driving the AC current to a 
single electrode in a tandem welding operation. The 25 
u.s maximum delay can be changed, but is less than the 
switch command accuracy. 

[0008] The unique control system disclosed in Hou- 
ston 6,472,634 is used to control the power supply for 
tandem electrodes used primarily in pipe seam welding 
and disclosed in Stava 6,291 ,798. This Stava patent re- 
lates to a series of tandem electrodes movable along a 
welding path to lay successive welding beads in the 
space between the edges of a rolled pipe or the ends of 
two adjacent pipe sections. The individual AC wave- 
forms used in this unique technology are created by a 
number of current pulses occurring at a frequency of at 
least 1 8 kHz with a magnitude of each current pulse con- 
trolled by a wave shaper. This technology dates back to 
Blankenship 5,278,390. Shaping of the waveforms in 
the AC currents of two adjacent tandem electrodes is 
known and is shown in not only the patents mentioned 
above, but in Stava 6,207,929. In this latter Stava pat- 
ent, the frequency of the AC current at adjacent tandem 
electrodes is adjusted to prevent magnetic interference. 



All of these patented technologies by The Lincoln Elec- 
tric Company of Cleveland, Ohio have been advances 
in the operation of tandem electrodes each of which is 
operated by a separate AC waveform created by the 
5 waveform technology set forth in these patents., These 
patents are incorporated by reference herein. However, 
these patents do not disclose the present invention 
which is directed to the use of such waveform technol- 
ogy for use in tandem welding by adjacent electrodes 
10 each using an AC current. This technology, as the nor- 
mal transformer technology, has experienced difficulty 
in controlling the dynamics of the weld puddle. Thus, 
there is a need for an electric arc welding system for 
adjacent tandem electrodes which is specifically de- 
15 . signed to control the dynamics and physics of the molten 
weld puddle during the welding operation. These advan- 
tages can not be obtained by merely changing the fre- 
quency to reduce the magnetic interference. 



[0009] The present invention relates to an improve- 
ment in the waveform technology disclosed in Blanken- 
ship 5,278,390 and used for tandem electrode welding 
25 systems by several patents, including Stava 6,207,929; 
Stava 6,291,798; and, Houston 6,472,634. The im- 
provement over this well developed technology is the 
control of the AC waveforms generated by adjacent tan- 
dem electrodes in a manner where the weld puddle is 
30 quiescent during the welding operation. This objective 
is accomplished by using a system that controls the re- 
lationship between the AC current of adjacent tandem 
electrodes to limit the time of concurrent polarity rela- 
tionships, such as like polarity and opposite polarity, 
35 while obtaining a difference in penetration and deposi- 
tion. It has been found that during the times of like po- 
larity in the waveforms of two adjacent tandem elec- 
trodes the molten metal weld pool physically collapses 
whereas during opposite polarity ofthe waveforms for 
40 adjacent tandem electrodes the weld pool is repelled. If 
the adjacent AC pulses have a long time, exceeding 20 
ms, with a concurrent polarity relationship, the collaps- 
ing or repelling action of the molten metal in the weld 
pool is disruptive to the welding process. The resulting 
<5 weld bead that subsequently solidifies is not uniform. In 
using an AC current for adjacent electrodes, the inven- 
tion assures that there is no long term concurrence of 
any one specific polarity relationship. This is one aspect 
of the invention. Another aspect of the invention is form- 
50 jng the waveform of an AC welding operation at each of 
the adjacent tandem electrodes where the waveforms 
are sinusoidal in one or both polarities. In the past, si- 
nusoidal waveforms were created by transformers and 
not used in welding systems of the waveform technology 
55 type, as shown in the patents so far discussed and 
owned by Lincoln Electric. Consequently, another as- 
pect of the invention is the creation of waveforms in an 
AC welding operation by the waveform technology uti- 
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lizing a wave shaperand a pulse width modulator incor- 
porated in the standard controller of a welder or obtained 
as a standard off the shelf pulse width modulator chip 
used in a controller for a welder. Consequently, the 
present invention relates to controlling the dynamics of 5 
the weld puddle by selection and creation of specific AC 
waveforms in adjacent tandem electrodes operated by 
the Lincoln waveform technology and the implementa- 
tion of waveforms having sinusoidal configurations in ei- 
ther the positive or negative polarity and/or in both po- 
larities. These two aspects of the invention are unique 
and allow operation of tandem electrodes with wave- 
forms defining AC welding without agitation ofthe molten 
metal and obtaining the advantages of an AC waveform. 
[0010] In accordance with the invention, an electric 
arc welding system is developed for creating a first AC 
welding arc with a first current waveform between a first 
electrode and a .workpiece by a first power supply and 
a second AC welding arc with a second current wave- 
form between a second electrode and a workpiece by a 
second power supply as the first and second electrodes . 
are moved in unison. The tandem electrodes are each 
driven by an AC current having a created waveform with 
a specific shape. Creation ofthe waveform is by a power 
supply comprising a high speed switching inverter to 
create its waveform by a number of current pulses oc- 
curring at a frequency of at least 18 kHz with the mag- 
nitude of each of the current pulses controlled by a wave 
shaper and the polarity of the waveforms controlled by 
a logic signal. Each of the power supplies is the general 
type shown in various prior patents where the waveform 
across the electrode is controlled by a wave shaper. The 
switching between polarities is controlled by a signal, 
such as a logic signal, as disclosed in Houston 
6,472,634. This type of power supply produces wave- 
forms having a shape determined by a wave shaper, 
which is sometimes referred to as a waveform genera- 
tor. The invention relates to this type of power supply 
used for tandem electrodes each of which is driven by 
an AC current. 

[0011] In accordance with an aspect of the invention, 
at least the first AC waveform has a positive portion of 
substantially less energy than its negative portion and 
is phase shifted from the second AC waveform. Conse- 
quently, the penetration caused by the positive portion 
of the waveform employs a different energy than the 
deposition caused by the negative portion of the wave- 
form. The waveforms are shifted so that the AC wave- 
forms of adjacent tandem electrodes do not correspond 
and thus cause long periods of polarity concurrence, 
where either like polarity opposite polarities occur for a 
long time during the welding operation. 
[0012] In accordance with still another aspect of the 
invention, the waveforms include sinusoidal shapes 
which are generated by a wave shaper utilizing a rapidly 
created series of current pulses. The sinusoidal current 
can be during the positive portion ofthe waveform, dur- 
ing the negative portion ofthe waveform or during both 



portions of the waveform. Heretofore tandem operation 
of electrodes each driven by an AC current of the type 
created by waveforms from a wave shaper have not cre- 
ated sinusoidal shapes nor limited the time of concurrent 
polarity relationships. These are advantages obtained 
by the present invention. 

[0013] In accordance with still another aspect of the 
invention, the negative portion of one or more of the AC 
waveforms has substantially less energy than its posi- 
tive portion. In this manner, the waveform is tailored to 
increase the penetration over the deposition by the 
waveform during the welding operation. The energy dif- 
ference can be accomplished by increasing the maxi- 
mum magnitude of either the positive or the negative 
portion of the waveform or by adjusting the time of the 
negative portion compared to the positive portion. Thus, 
energy control of the negative and positive polarity In 
the created waveform is either by magnitude or by time 
of one portion with respect to the other portion. 
[0014] In accordance with another aspect of the 
present invention, the first AC waveform created by the 
wave shaper has a positive portion substantially differ- 
ent in length than the negative portion. This procedure 
accomplishes a trade off between penetration and dep- 
osition for use by adjacent tandem electrodes each op- 
erated by an AC current, wherein each current is created 
waveforms by a wave shaper or waveform generator. 
[0015] Still a further aspect of the present invention is 
the provision of an electric arc welding system, as de- 
fined in the previous aspects, wherein the periods of 
concurrent polarity relationships defined as like polari- 
ties and opposite polarities are less than 20 ms. Prefer- 
ably these periods are less than the length of any one 
of the two waveforms. Preferably, the concurrent rela- 
tionship is less than the length of time of one-half the 
time of a created waveform. 

[0016] By using the present invention, the weld pud- 
dle is controlled and/or the AC currents for adjacent tan- 
dem electrodes can be formed into sinusoidal portions. 
This is the primary object of the present invention. 
[0017] A further primary object of the present inven- 
tion is the provision of an electric arc welding system for 
creating two AC welding arcs at adjacent tandem elec- 
trodes, which welding system limits the time when there 
is a concurrence of a specific polarity relationship. 
[0018] Still another object of the present invention is 
the provision of an electric arc welding system, as de- 
fined above, which welding system utilizes the created 
sinusoidal wave shapes in either the positive, negative 
or both portions of the created waveforms. 
[0019] Yet another object ofthe present invention is 
the provision of an electric arc welding system, as de- 
fined above, which system controls the dynamics ofthe 
weld puddle to prevent puddle agitation and obtain a uni- 
form weld bead. 

[0020] Still a further object of the present invention is 
the provision of an electric arc welding system, as de- 
fined above, which system utilizes waveform technology 
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while obtaining the advantages of weld puddle control 
as well as a sinusoidal profile for the created waveforms. 
[0021] These and other objects and advantages will 
become apparent from the following description taken 
together with the accompanying drawings. 5 

BRIEF DESCRIPTION OF DRAWINGS 

[0022] 

FIGURE 1 is a block diagram of the preferred em- 
bodiment of the present invention; 
FIGU RE 2 is a wiring diagram of two paralleled pow- 
er supplies, each of which include a switching out- 
put which power supplies are used in practicing the 
invention; 

FIGURE 3 is a cross sectional side view of three 
tandem electrodes operated in accordance with the 
present invention for welding the seam of a pipe; 
FIGURE 4 is a schematic layout in block form of a 
welding system for three electrodes using the dis- 
closure in Houston 6,472,634 and Stava 6,291 ,798; 
FIGU RE 5 is a block diagram showing a single elec- 
trode driven by the system as shown in FIGURE 4 
with a variable pulse generator disclosed in Hou- 
ston 6,472,634; 

FIGU RE 6 is a current graph for one of two illustrat- 
ed synchronizing pulses and showing a balanced 
AC waveform for one tandem electrode; 
FIGURE 7 is a current graph superimposed upon a 
signal having logic to determine the polarity of the 
waveform as used in practicing the present inven- 
tion: 

FIGURE 8 is a current graph showing a broad as- 
pect of the preferred embodiment of the present in- 
vention; 

FIGURES 9 and 10 are schematic drawings illus- 
trating the dynamics of the weld puddle during con- 
current polarity relationships of tandem electrodes 
to explain the advantage of the present invention; 
FIGURE 11 is a pair of current graphs showing the 
wavef orms on two adjacent tandem electrodes em- 
ploying the present invention; 
FIGURE 12 is a pair of current graphs of the AC 
waveforms on adjacent tandem electrodes with ar- 
eas of concurring polarity relationships; 
FIGURE 13 are current graphs of the waveforms on 
adjacent tandem electrodes wherein the AC wave- 
form of one electrode is substantially different 
waveform of the other electrode to limit the time of 
concurrent polarity relationships; 
FIGURE 14 are current graphs oftwo sinusoidal 
waveforms for adjacent electrodes operated by a 
system in accordance with the present invention to 
use different shaped wave forms for the adjacent 
electrodes; 

FIGURE 15 are current graphs showing wavef orms 
at four adjacent AC arcs of tandem electrodes 



10 

shaped and synchronized in accordance with an as- 
pect of the invention; and, 
FIGURE 16 is a schematic layout of the software 
program to cause switching of the paralleled power 
supplies as soon as the coordinated switch com- 
mands have been processed and the next coinci- 
dent signal has been created. 

PREFERRED EMBODIMENT 

[0023] Referring now to the drawings wherein the 
showings are for the purpose of illustrating a preferred 
embodiment of the invention only and not for the pur- 
pose of limiting same, the system for implementing the 
invention is shown in detail in FIGURES 1, 2 AND 16. 
In FIGURE 1 there is a single electric arc welding system 
S in the form of a single cell to create an alternating cur- 
rent as an arc at weld station WS. This system or cell 
includes a first master welder A with output leads 10,12 
in series with electrode E and workpiece W in the form 
of a pipe seam joint or other welding operation. Hall ef- 
fect current transducer 14 provides a voltage in line 16 
proportional to the current of welder A. Less time critical 
data, such as welding parameters, are generated at a 
remote central control 18. In a like manner, a slave fol- 
lowing welder B includes leads 20, 22 connected in par- 
allel with leads 10, 12 to direct an additional AC current 
to the weld station WS. Hall effect current transducer 24 
creates a voltage in line 26 representing current levels 
in welder B during the welding operation. Even though 
a single slave or follower welder B is shown , any number 
of additional welders can be connected in parallel with 
master welder A to produce an alternating current 
across electrode E and workpiece W. The AC current is 
combined at the weld station instead of priprto a polarity 
switching network. Each welder includes a controller 
and inverter based power supply illustrated as a com- 
bined master controllerand power supply 30 and a slave 
controller and power supply 32. Controllers 30, 32 re- 
ceive parameter data and synchronization data from a 
relatively low level logic network. The parameter infor- 
mation or data is power supply specific whereby each 
of the power supplies is provided with the desired pa- 
rameters such as current, voltage and/or wire feed 
speed. A low level digital network can provide the pa- 
rameter information; however, the AC current for polarity 
reversal occurs at the same time. The "same" time indi- 
cates a time difference of less than 1 0 \ls and preferably 
in the general range of 1 -5 jis. To accomplish precise 
coordination of the AC output from power supply 30 and 
power supply 32. the switching points and polarity infor- 
mation can not be provided from a general logic network 
wherein the timing is less precise. The individual AC 
power supplies are coordinated by high speed, highly 
accurate DC logic interface referred to as "gateways." 
As shown in FIGURE 1 , power supplies 30, 32 are pro- 
vided with the necessary operating parameters indicat- 
ed by the bi-directional leads 42m, 42s, respectively. 
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This non-time sensitive information is provided by a dig- 
ital network shown in FIGURE 1 . Master power supply 
30 receives a synchronizing signal as indicated by uni- 
directional line 40 to time the controllers operation of its 
AC output current. The polarity of the AC current for 
power supply 30 is outputted as indicated by line 46. 
The actual switching command for the AC current of 
master power supply 30 is outputted on line 44. The 
switch command tells power supply S, in the form of an 
inverter, to "kill," which is a drastic reduction of current. 
In an alternative, th[s js^actually a.switch signal to re- 
verse polarity. The "switching points" or command on 
line 44 preferably is a "kill" and current reversal com- 
mands utilizing the "switching points" as set forth in Sta- 
va 6 : 111,216. Thus, timed switching points or com- 
mands are outputted from power supply 30 by line 44. 
These switching points or commands may involve a 
power supply "kill" followed by a switch ready signal at 
a low current or merely a current reversal point. The 
switch "ready" is used when the "kill" concept is imple- 
mented because neither inverters are to actually re- 
verse until they are below the set current. This is de- 
scribed in FIGURE 16. The polarity of the switches of 
controller 30 controls the logic on line 46. Slave power 
supply 32 receives the switching point or command logic 
on line 44b and the polarity logic on line 46b. These two 
logic signals are interconnected between the master 
power supply and the slave power supply through the 
highly accurate logic interface shown as gateway 50, the 
transmitting gateway, and gateway 52, the receiving 
gateway. These gateways are network interface cards 
for each of the power supplies so that the logic on lines 
44b, 46b are timed closely to the logic on lines 44, 46, 
respectively. In practice, network interface cards or 
gateways 50, 52 control this logic to within 10 u,s and 
preferably within 1-5 \is. A low accuracy network con- 
trols the individual power supplies for data from central 
control 18 through lines 42m, 42s, illustrated as provid- 
ed by the gateways or interface cards. These lines con- 
tain data from remote areas (such as central control 1 8) 
which are not time sensitive and do not use the accuracy 
characteristics of the gateways. The highly accurate da- 
ta for timing the switch reversal uses interconnecting 
logic signals through network interface cards 50, 52. 
The system in FIGURE 1 Is a single cell for a single AC 
arc; however, the invention is directed to tandem elec- 
trodes wherein two or more AC arcs are created to fill 
the large gap found in pipe welding. Thus, the master 
power supply 30 for the first electrode receives a syn- 
chronization signal which determines the timing or 
phase operation of the system S for a first electrode, i. 
e. ARC 1 . System S is used with other identical systems 
to generate ARCs 2, 3, and 4 timed by synchronizing 
outputs 84, 86 and 88. This concept is schematically il- 
lustrated in FIGURE 5. The synchronizing or phase set- 
ting signals 82-88 are shown in FIGURE 1 with only one 
of the tandem electrodes. An information network N 
comprising a centra! control computer and/or web serv- 



er 60 provides digital information or data relating to spe- 
cific power supplies in several systems or cells control- 
ling different electrodes in a tandem operation. Internet 
information is directed to a local area network in the form 

5 of an ethernet network 70 having local interconnecting 
lines 70a, 70b, 70c. Similar interconnecting lines are di- 
rected to each power supply used in the four cells cre- 
ating ARCs 1 , 2, 3 and 4 of a tandem welding operation. 
The description of system or cell S applies to each of 

1Q the arcs at the other electrodes. If AC current is em- 
ployed, a master power supply is used. In some instanc- 
es, merely a master power supply is used with a cell 
specific synchronizing signal. If higher currents are re- 
quired, the systems or cells include a master and slave 

is power supply combination as described with respect to 
system S of FIGURE 1. In some instances, a DC arc is 
used with two or more AC arcs synchronized by gener- 
ator 80. Often the DC arc is the leading electrode in a 
tandem electrode welding operation, followed by two or 

20 more synchronized AC arcs. A DC power supply need 
not be synchronized, nor is there a need for accurate 
interconnection of the polarity logic and switching points 
or commands. Some DC powered electrodes may be 
switched between positive and negative, but not at the 

25 frequency of an AC driven electrode. Irrespective of the 
make-up of the arcs, ethernet or local area network 70 
includes the parameter information identified in a coded 
fashion designated for specific power supplies of the 
various systems used in the tandem welding operation. 

30 This network also employs synchronizing signals for the 
several cells or systems whereby the systems can be 
offset in a time relationship. These synchronizing sig- 
nals are decoded and received by a master power sup- 
ply as indicated by line 40 in FIGURE 1 . In this manner, 

35 the AC arcs are offset on a time basis. These synchro- 
nizing signals are not required to be as accurate as the 
switching points through network interface cards or 
gateways 50, 52. Synchronizing signals on the data net- 
work are received by a network interface in the form of 

40 a variable pulse generator 80. The generator creates 
offset synchronizing signals in lines 84, 86 and 88. 
These synchronizing signals dictate the phase of the in- 
dividual alternating current cells for separate electrodes 
in the tandem operation. Synchronizing signals can be 

45 generated by interface 80 or actually received by the 
generator through the network 70. In practice, network 
70 merely activates generator 80 to create the delay pat- 
tern for the many synchronizing signals. Also, generator 
80 can vary the frequency of the individual cells by fre- 

50 quency of the synchronizing pulses if that feature is de- 
sired in the tandem welding operation. 
[0024] A variety of controllers and power supplies 
could be used for practicing the system as described in 
FIGURE 1; however, preferred implementation of the 

55 system is set forth in FIGURE 2 wherein power supply 
PSA is combined with controller and power supply 30 
and power supply PSB is combined with controller and 
power supply 32. These two units are essentially the 
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same in structure and are labeled with the same num- 
bers when appropriate. Description of power supply 
PSA applies equally to power supply PSB. Inverter 100 
has an input rectifier 102 for receiving three phase line 
current L1 , 12, and L3. Output transformer 110 is con- 5 
nected through an output rectifier 1 1 2 to tapped inductor 
120 for driving opposite polarity switches Q1 , Q2. Con- 
troller 140a of power supply PSA and controller 140b of 
PSB are essentially the same, except controller 140a 
outputs timing information to controller 1 40b. Switching 
ppints or lines 1 42 f 4 44 control the conductive condition^ 
of polarity switches Q1 , Q2 for reversing polarity at the 
time indicated by the logic on lines 142,144, as ex- 
plained in more detail in Stava 6,111,216 incorporated 
by reference herein. The control is digital with a logic 
processor; thus, A/D converter 1 50 converts the current 
information on feedback line 1 6 or line 26 to controlling 
digital values for the level of output from error amplifier 
152 which is illustrated as an analog error amplifier. In 
practice, this is a digital system and there is no further 
analog signal in the control architecture. As illustrated, 
however, amplifier has a first input 1 52a from converter 
150 and a second input 152b from controller 140a or 
140b. The current command signal on line 152b in- 
cludes the wave shape or waveform required for the AC 
current across the arc at weld station WS. This is stand- 
ard practice as taught by several patents of Lincoln Elec- 
tric, such as Blankenship 5,278,390, incorporated by 
reference. See also Stava 6,207,929, incorporated by 
reference. The output from amplifier 1 52 is converted to 
an analog voltage signal by converter 1 60 to drive pulse 
width modulator 162 at a frequency controlled by oscil- 
lator 1 64, which is a timer program in the processor soft- 
ware. The shape of the waveform at the arcs is the volt- 
age or digital number at lines 152b. The frequency of 
oscillator 164 is greater than 18 kHz. The total architec- 
ture of this system is digitized in the preferred embodi- 
ment of the present invention and does not include re- 
conversion back into analog signal. This representation 
is schematic for illustrative purposes and is not intended 
to be limiting of the type of power supply used in prac- 
ticing the present invention. Other power supplies could 
be employed. 

[0025] The practice of the present invention utilizing 
the concepts of FIGURES 1 and 2 are illustrated in FIG- 
URES 3 and 4. Workpiece 200 is a seam in a pipe which 
is welded together by tandem electrodes 202, 204 and 
206 powered by individual power supplies PS1, PS2, 
PS3, respectively. The power supplies can include more 
than one power source coordinated in accordance with 
the technology in Houston 6,472,634. The illustrated 
embodiment involves a DC arc for lead electrode 202 
and an AC arc for each of the tandem electrodes 204, 
206. The created waveforms of the tandem electrodes 
are AC currents and include shapes created by a wave 55 
shaper or wave generator in accordance with the previ- 
ously described waveform technology. As electrodes 
202, 204 and 206 are moved along weld path WP a mol- 
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ten metal puddle P is deposited in pipe seam 200 with 
an open root portion 210 followed by deposits 212, 214 
and 21 6 from electrodes 202, 204 and 206, respectively. 
As previously described more than two AC driven elec- 
trodes as will be described and illustrated by the wave- 
forms of FIGURE 15, can be operated by the invention 
relating to AC currents of adjacent electrodes. The pow- 
er supplies, as shown in FIGURE 4, each include an in- 
verter 220 receiving a DC link from rectifier 222. In ac- 
cordance ^ with_L|ncpJn_waveform technology, a chip or 
Internal programmed pulse width modulator stage 224 
is driven by an oscillator 226 at a frequency greaterthan 
18 kHz and preferably greaterthan 20 kHz. As oscillator 
226 drives pulse width modulator 224, the output current 
has a shape dictated by the wave shape outputted from 
wave shaper 240 as a voltage or digital numbers at line 
242. The shape in real time is compared with the actual 
arc current in line 232 by a stage Illustrated as compa- 
rator 230 so that the outputs on line 234 controls the 
shape of the AC waveforms. The digital number or volt- 
age on line 234 determines the output signal on line 
224a to control inverter 220 so that the waveform of the 
current at the arc follows the selected profile outputted 
from wave shaper 240. This is standard Lincoln wave- 
form technology, as previously discussed. Power supply 
PS 1 creates a DC arc at lead electrode 202; therefore, 
the output from wave shaper 240 of this power supply 
is a steady state indicating the magnitude of the DC cur- 
rent. The present invention does not relate to the forma- 
tion of a DC arc. To the contrary, the present invention 
is the control of the current at two adjacent AC arcs for 
tandem electrodes, such as electrodes 204, 206. In ac- 
cordance with the invention, wave shaper 240 involves 
an input 250 employed to select the desired shape or 
profile of the AC waveform. This shape can be shifted 
in real time by an internal programming schematically 
represented as shift program 252. Wave shaper 240 has » 
an output which is a priority signal on line 254. In prac- 
tice, the priority signal is a bit of logic, as shown in FIG- 
URE 7. Logic 1 indicates a negative polarity for the 
waveform generated by wave shaper 240 and logic 0 
indicates a positive polarity. This logic signal or bit con- 
troller 220 directed to the power supply is read in ac- 
cordance with the technology discussed in FIGURE 16. 
The inverter switches from a positive polarity to a neg- 
ative polarity, or the reverse, at a specific "READY" time 
initiated by a change of the logic bit on line 254. In prac- 
tice, this bit is received from variable pulse generator 80 
shown in FIGURE 1 and in FIGURE 5. The welding sys- 
tem shown in FIGU RES 3 and 4 is used in practicing the 
invention wherein the shape of AC arc currents at elec- 
trodes 204 and 206 have novel shapes to obtain a ben- 
eficial result of the present invention, i.e. a generally qui- 
escent molten metal puddle P and/or synthesized sinu- 
soidal waveforms compatible with transformer wave- 
forms used in arc welding. The electric arc welding sys- 
tem shown in FIGURES 3 and 4 have a program to se- 
lect the waveform at "SELECT program 250 for wave 
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shaper 240. In this mannerthe unique waveforms of the 
present invention are used by the tandem electrodes. 
One of the power supplies to create an AC arc is sche- 
matically illustrated in FIGURE 5. The power supply or 
source is controlled by variable pulse generator 80, 
shown in FIGURE 1. Signal 260 from the generator con- 
trols the power supply for the first arc. This signal in- 
cludes the synchronization of the waveform together 
with the polarity bit outputted by the wave shaper 240 
on line 254. Lines 260a-260n control the desired sub- 
sequent tandem AC arcs operated by the welding sys^ 
tern of the present invention. The timing of these signals 
shifts the start of the other waveforms. FIGU RE 5 merely 
shows the relationship of variable pulse generator 80 to 
control the successive arcs as explained in connection 
with FIGURE 4. 

[0026] In the welding system of Houston 6,472,634, 
the AC waveforms are created as shown in FIGURE 6 
wherein the wave shaper for arc AC1 at electrode 204 
creates a signal 270 having positive portions 272 and 
negative portions 274. The second arc AC2 at electrode 
206 is controlled by signal 280 from the wave shaper 
having positive portions 282 and negative portions 284. 
These two signals are the same, but are shifted by the 
signal from generator 80 a distance x, as shown in FIG- 
URE 6. The waveform technology created current puls- 
es or waveforms at one of the arcs are waveforms hav- 
ing positive portions 290 and negative portions 292 
shown at the bottom portion of FIGURE 6. A logic bit 
from the wave shaper determines when the waveform 
is switched from the positive polarity to the negative po- 
larity and the reverse. In accordance with the disclosure 
in Stava 6,111,216 (incorporated by reference herein) 
pulse width modulator 224 is generally shifted to a lower 
level at point 291 a and 291 b. Then the current reduces 
until reaching a fixed level, such as 100 amps. Conse- 
quently, the switches change polarity at points 294a and 
294b. This produces a vertical line or shape 296a, 296b 
when current transitioning between positive portion 290 
and negative portion 292. This is the system disclosed 
in the Houston patent where the like waveforms are 
shifted to avoid magnetic interference. The waveform 
portions 290, 292 are the same at arc AC 1 and at arc 
AC2. This is different from the present invention which 
relates to customizing the waveforms at arc AC1 and 
arc AC2 for purposes of controlling the molten metal 
puddle and/or synthesizing a sinusoidal wave shape in 
a manner not heretofore employed. The disclosure of 
FIGURE 6 is set forth to show the concept of shifting the 
waveforms ! but not the invention which is customizing 
each of the adjacent waveforms. The same switching 
procedure to create a vertical transition between polar- 
ities is used in the preferred embodiment of the present 
invention. Converting from the welding system shown 
in FIGURE 6 to the present invention is generally shown 
in FIGU RE 7. The logic on line 254 is illustrated as being 
a logic 1 in portions 300 and a logic 0 in portions 302. 
The change of the logic or bit numbers signals the time 



when the system illustrated in FIGURE 1 6 shifts polarity. 
This is schematically illustrated in the lower graph of 
FIGURE 6 at points 294a, 294b. In accordance with the 
invention, wave shaper 240 for each of the adjacent AC 

5 arcs has a first wave shape 31 0 for one of the polarities 
and a second wave shape 312 for the other polarity. 
Each of the waveforms 31 0, 31 2 are created by the logic 
on line 234 taken together with the logic on line 254. 
Thus, pulses 310, 312 as shown in FIGURE 7, are dif- 

10 ferent pulses for the positive and negative polarity por- 
tions. Each of the pulses 31 6, 31 2 are created by sep- 
arate and distinct current pulses 310a, 312a as shown. 
Switching between polarities is accomplished as illus- 
trated in FIGURE 6 where the waveforms generated by 

is the wave shaper are shown as having the general shape 
of waveforms 310, 312. Positive polarity controls pene- 
tration and negative polarity controls deposition. In ac- 
cordance with the invention, the positive and negative 
pulses of a waveform are different and the switching 

so points are controlled so that the AC waveform at one arc 
is controlled both in the negative polarity and the positive 
polarity to have a specific shape created by the output 
of wave shaper 240. The waveforms for the arc adjacent 
to the arc having the current shown in FIGURE 7 is con- 

25 trolled differently to obtain the advantages of the present 
invention. This is illustrated best in FIGURE 8. The 
waveform at arc AC 1 is in the top part of FIGURE 8. It 
has positive portions 320 shown by current pulses 320a 
and negative portions 322 formed by pulses 322a. Pos- 

30 jtive portion 320 has a maximum magnitude a and width 
or time period b. Negative portion 322 has a maximum 
magnitude d and a time or period c. These four param- 
eters are adjusted by wave shaper 240. In the illustrated 
embodiment, arc AC2 has the waveform shown at the 

35 bottom of FIGURE 8 where positive portion 330 is 
formed by current pulses 330a and has a height or mag- 
nitude a' and a time length or period b 1 . Negative portion 
332 is formed by pulses 332a and has a maximum am- 
plitude V and a time length c*. These parameters are 

40 adjusted by wave shaper 240. In accordance with the 
invention, the waveform from the wave shaper on arc 
AC is out of phase with the wave shape for arc AC2. The 
two waveforms have parameters or dimensions which 
are adjusted so that (a) penetration and deposition is 

45 controlled and (b) there is no long time during which the 
puddle P is subjected to a specific polarity relationship, 
be it a like polarity or opposite polarity. This concept in 
formulating the wave shapes prevents long term polarity 
relationships as explained by the showings in FIGURES 

so g and 10. In FIGURE 9 electrodes 204, 206 have like 
polarity, determined by the waveforms of the adjacent 
currents at any given time. At that instance, magnetic 
flux 350 of electrode 204 and magnetic flux 352 of elec- 
trode 206 are in the same direction and cancel each oth- 

55 er at center area 354 between the electrodes. This caus- 
es the molten metal portions 360, 362 from electrodes 
204, 206 in the molten puddle P to move together, as 
represented by arrows c. This inward movement togeth- 
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er or collapse of the molten metal in puddle P between 
electrodes 204 will ultimately cause an upward gushing 
action, if not terminated in a very short time, i.e. less 
than about 20 ms. As shown in FIGURE 1 0. the opposite 
movement of the puddle occurs when the electrodes 
204, 206 have opposite polarities. Then, magnetic flux 
370 and magnetic flux 372 are accumulated and in- 
creased in center portion 374 between the electrodes. 
High forces between the electrodes causes the molten 
metal portions 364, 366 of puddle P to retract or be 
forced away from each other. This is indicated by arrows 
r. Such outward forcing of the molten metal in puddle P 
causes disruption of the weld bead if it continues for a 
substantial time which is generally less than 10 ms. As 
can be seen from FIGURES 9 and 10, it is desirable to 
limit the time during which the polarity of the waveform 
at adjacent electrodes Is either the same polarity or op- 
posite polarity. The present invention utilizes the wave- 
form, such as shown in FIGURE 6, to accomplish this 
objective of preventing long term concurrence of specif- 
ic polarity relationships, be it like polarities or opposite 
polarities. Both of these relationships are detrimental to 
quality welding and are avoided when using the present 
invention. As shown in FIGURE 8, like polarity and op- 
posite polarity is retained for a very short time less than 
the cycle length of the waveforms at arc AC1 and arc 
AC2. This positive development of preventing long term 
occurrence of polarity relationships together with the 
novel concept of pulses having different shapes and dif- 
ferent proportions in the positive and negative areas 
combine to control the puddle, control penetration and 
control deposition in a manner not heretofore obtainable 
in welding with a normal transformer power supplies or 
normal use of Lincoln waveform technology 
[0027] An implementation of the present invention is 
shown in FIGURE 11 wherein the positive and negative 
portions of the AC waveform from the wave shaper 240 
are synthesized sinusoidal shapes with a different en- 
ergy in the positive portion as compared to the negative 
portion of the waveforms. The synthesized sine wave or 
sinusoidal portions of the waveforms is novel. It allows 
the waveforms to be compatible with transformer weld- 
ing circuits and compatible with evaluation of sine wave 
welding. In FIGURE 11 , waveform 370 is at arc AC1 and 
waveform 372 Is at arc AC2. These tandem arcs utilize 
the AC welding current shown in FIGURE 11 wherein a 
small positive sinusoidal portion 370a controls penetra- 
tion at arc AC1 while the larger negative portion 370b 
controls the deposition of metal at arc AC1 . There is a 
switching between the polarities with a change in the 
logic bit, as discussed in FIGURE 7. Sinusoidal wave 1 
form 370 plunges vertically from approximately 1 00 am- 
peres through zero current as shown in by vertical line 
370c. Transition between the negative portion 370b and 
positive portion 370a also starts a vertical transition at 
the switching point causing a vertical transition 370d. In 
a like manner, phase shifted waveform 372 of arc AC2 
has a small penetration portion 372a and a large nega- 



tive deposition portion 372b. Transition between polar- 
ities is indicated by vertical lines 372c and 372d. Wave- 
form 372 is shifted with respect to waveform 370 so that 
the dynamics of the puddle are controlled without ex- 

5 cessive collapsing or repulsion of the molten metal in 
the puddle caused by polarities of adjacent arcs AC1 , 
AC2. In the embodiment shown in FIGURE 11 , the sine 
wave shapes are the same and the frequencies are the 
same. They are merely shifted to prevent a long term 

10 occurrence of a specif ic pplarity relationship. 

[0028] Another aspect of the invention is schematical- 
ly illustrated in FIGURE 12 wherein waveform 380 is 
used for arc AC1 and waveform 372 is used for arc AC2. 
Portions 380a, 380b, 382a, and 382b are sinusoidal 

15 synthesized and are illustrated as being of the same 
general magnitude. By shifting these two waveforms 
90°, areas of concurrent polarity are identified as areas 
390, 392, 394 and 396. By using the shifted waveforms 
with sinusoidal profiles, like polarities or opposite polar- 

20 rties do not remain for any length of time. Thus, the mol- 
ten metal puddle is not agitated and remains quiescent. 
This advantage is obtained by using the present inven- 
tion which also combines the concept of a difference in 
energy between the positive and negative polarity por- 

25 tions of a given waveform. FIGURE 12 is illustrative in 
nature to show the definition of concurrent polarity rela- 
tionships and the fact that they should remain for only a 
short period of time. To accomplish this objective, an- 
other embodiment of the present invention is illustrated 

30 in FIGURE 13 wherein previously defined waveform 380 
is combined with waveform 400, shown as the sawtooth 
waveform of arc AC2 (a) or the pulsating waveform 402 
shown as the waveform for arc AC2(b). Combining 
waveform 380 with the different waveform 400 of a dif- 

35 ferent waveform 402 produces very small areas ortimes 
of concurrent polarity relationships 410, 412, 414, etc. 
The invention illustrated in FIGURE 14 has the AC 
waveform generated at one arc drastically different than 
the AC waveform generated at the other arc. This same 

40 concept of drastically different waveforms for use in the 
present invention is illustrated in FIGURE 14 wherein 
waveform 420 is an AC pulse profile waveform and 
waveform 430 is a sinusoidal profile waveform having 
about one-half the period of waveform 420. Waveform 

45 420 includes a small penetration positive portion 420a 
and a large deposition portion 420b with straight line po- 
larity transitions 420c. Waveform 430 includes positive 
portion 430a and negative portion 430b with vertical po- 
larity transitions 430c. By having these two different 

so waveforms, both the synthesized sinusoidal concept is 
employed for one electrode and there is no long term 
concurrent polarity relationship. Thus, the molten metal 
in puddle P remains somewhat quiescent during the 
welding operation by both arcs AC1 , AC2. 

55 [0029] Another aspect of the present invention is illus- 
trated in FIGURE 15 wherein waveforms 450, 452, 454 
and 456 are generated by the wave shaper 240 of the 
power supply for each of four tandem arcs, arc AC 1, arc 
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AC2, arc AC3 and arc AC4. The adjacent arcs are 
aligned as indicated by synchronization signal 460 de- 
fining when the waveforms correspond and transition 
from the negative portion to the positive portion. This 
synchronization signal is created by generator 80 shown 
in FIGURE 1 , except the start pulses are aligned. In this 
embodiment of the invention first waveform 450 has a 
positive portion 450a, which is synchronized with both 
the positive and negative portion of the adjacent wave- 
form 452, 454 and 456. For instance, positive portion 
450a is synchronized with and correlated to positive por- 
tion 452a and negative portion 452b of waveform 452. 
In a like manner, the positive portion 452a of waveform 
452 is synchronized with and correlated to positive por- 
tion 454a and negative portion 454b of waveform 454. 
The same relationship exist between positive portion 
454a and the portions 456a, 456b of waveform 456. The 
negative portion 450b is synchronized with and corre- 
lated to the two opposite polarity portions of aligned 
waveform 452. The same timing relationship exist be- 
tween negative portion 452b and waveform 454. In other 
words, in each adjacent arc one polarity portion of the 
waveform is correlated to a total waveform of the adja- 
cent arc. In this manner the collapse and repelling forc- 
es of puddle P, as discussed in connection with FIG- 
URES 9 and 1 0, are dynametically controlled. In this em- 
bodiment of the invention, one or more of the positive 
or negative portions can be synthesized sinusoidal 
waves as discussed in connection with an aspect of the 
invention disclosed in FIGURES 11 and 12. 
[0030] As indicated in FIGURES 1 and 2, when the 
master controller of switches is to switch, a switch com- 
mand is issued to master controller 1 40a of power sup- 
ply 30. This causes a "kill" signal to be received by the 
master so a kill signal and polarity logic is rapidly trans- 
mitted to the controller of one or more slave power sup- 
plies connected in parallel with a single electrode. If 
standard AC power supplies are used with large snub- 
bers in parallel with the polarity switches, the slave con- 
troller or controllers are immediately switched within 
1-10 \xs after the master power supply receives the 
switch command. This is the advantage of the high ac- 
curacy interface cards or gateways. In practice, the ac- 
tual switching for current reversal of the paralleled pow- 
er supplies is not to occur until the output current is be- 
low a given value, I.e. about 100 amperes. This allows 
use of smaller switches. 

[0031] The implementation of the switching for all 
power supplies for a single AC arc uses the delayed 
switching technique where actual switching can occur 
only after all power supplies are below the given low cur- 
rent level. The delay process is accomplished in the soft- 
ware of the digital processor and is illustrated by the 
schematic layout of FIGURE 1 6. When the controller of 
master power supply 500 receives a command signal 
as represented by line 502, the power supply starts the 
switching sequence. The master outputs a logic on line 
504 to provide the desired polarity for switching of the 



slaves to correspond with polarity switching of the mas- 
ter. In the commanded switch sequence, the inverter of 
master power supply 500 is turned off or down so current 
to electrode E is decreased as read by hall effect trans- 
5 ducer 510. The switch command in line 502 causes an 
immediate "kill" signal as represented by line 512 to the 
controllers of paralleled slave power supplies 520, 522 
providing current to junction 530 as measured by hall 
effect transducers 532, 534. All power supplies are in 
the switch sequence with inverters turned off or down. 
Software comparat6r^circuits~556, 552, 554 compare the 
decreased current to a given low current referenced by 
the voltage on line 556. As each power supply decreas- 
es below the given value, a signal appears in lines 560, 
562, and 564 to the input of a sample and hold circuits 
570, 572, and 574, respectively. The circuits are output- 
ted by a strobe signal in line 580 from each of the power 
supplies. When a set logic Is stored in a circuit 570, 572, 
and 574, a YES logic appears on lines READY 1 , 
READY 2 , and READY 3 at the time of the strobe signal. 
This signal is generated in the power supplies and has 
a period of 25 \xs; however, other high speed strobes 
could be used. The signals are directed to controller C 
of the master power supply, shown in dashed lines in 
FIGURE 8. A software ANDing function represented by 
AND gate 580 has a YES logic output on line 582 when 
all power supplies are ready to switch polarity. This out- 
put condition is directed to clock enable terminal ECLK 
of software flip flop 600 having its D terminal provided 
with the desired logic of the polarity to be switched as 
appearing on line 504. An oscillator or timer operated at 
about 1 MHz clocks flip flop by a signal on line 602 to 
terminal CK. This transfers the polarity command logic 
on line 504 to a Q terminal 604 to provide this logic in 
line 61 0 to switch slaves 520, 522 at the same time the 
identical logic on line 61 2 switches master power supply 
500. After switching, the polarity logic on line 504 shifts 
to the opposite polarity while master power supply 
awaits the next switch command based upon the switch- 
40 ing frequency. Other circuits can be used to effect the 
delay in the switching sequence; however, the illustra- 
tion in FIGURE 1 6 is the present scheme. 
[0032] The present application relates to the wave- 
forms controlled by a wave shaper or waveform gener- 
is ator of an electric arc power supply including a single 
power source or multiple power sources correlated as 
disclosed in Houston 6,472,634 or Stava 6,291,798. 
The invention relates to tandem electrodes powered by 
an AC waveform. The two adjacent electrodes have 
so waveforms that control the dynamics of the molten metal 
puddle between the electrodes and/or uses synthesized 
sine waves to correlate the operation of the tandem 
welding system with standard transformer welding op- 
erations. The invention involves controlling the energy 
55 of the positive and negative portions in each of the AC 
waveforms created by a wave shaper or waveform gen- 
erator through the use of a high speed switching inverter 
in accordance with standard practice. Different energy 
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re ,ationship of the amoun o PjES^, a)lows op . 
of deposition by a P^*^ manner to maintain 
erationof adjacent electrodes nam jm _ 

the we!d PU^.^e^^,,^,,,^ 
proves the ^^^^purta. adjacent 

waveforms generatea oy i jch 
shapestocontroUhelenghoJh^unng (ec _ 

polarity relationship j^ p b S^^ a «*m- of 
uodes. in ^r^^Xioppo.topo^ 
adjacent *f , *^^ P ^ and different re- 
ity is limited by .waveforms 
,ationships between 1* £ *JJL using . wave 
generated by ^^XSSmi in FIGURE 
shaper or waveform generator ms 
15. synchronizing the elec- 
ated waveforms having a frequency d ^a J 

tr0 des which is -"^^S^-^ re- 
uniqU ewavefo^en^ 

SStSTX"- Pipes ^ ^Pipeline 
sections. r , ncpt 4 ; n this invention 

claims. 



Claims 



Minn cvqtem as defined in anyone 
4. positive portions 

of the claims 1 to 3 wherein , s w „ |ess 

of said AC waveforms each have a time a 
than its negative portion. 

seam in a pipe- 

assess*"-*- 

its positive portion 
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£ TfKSSi n Sece by a first 
tween a first el^roo ^ a 

power supply and a secona ^ 

switching inverter creating re quency 

P ? ,S s e a" S S Solled'by a .ogic signal, 
ot said waveio.m waV eform has one, 

,mm shitted iron uU sscond » c 

2 . An MM. - ttZSXSZ 
1 wherein said first waveform is generally 
when switching between polarities. 

I". poS o< subs,an«* I~ «W «» « 
negative portion. 



its positive portion. 

of theclaimsl to7^ere,nsadneg^.v P 
said first waveform has a time lengtn 
positive portion. 

AC W6 a StT^ an a worKpiece by a first 
^een a firs e '^ fr ° d d AC wel d in g arc with a 
power supply and a se °° n ° second ele c- 

S econd current ]T f^^nd Power suppfy 

30 ^ S^n eSdes are moved in 
as said first ana seoun se cond 

unison alonn . ***» P"»V»* £h spend 
ative portion 



ative portion 

AC welding arc with a first ' u " e 

- 3 ntSiSi^SK arc with a 

power supply and a se "T a secon d elec- 
sec0 nd current wa^ JJ«^d power suppfy 
trode and a wo ^ e J e|ectrodes are moved in 
as said first and second e ec ^°° d second 

55 unison along a welding path said tat an 

power suppfy each compns-9 an ^ p & 
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-SKSSSSSSK 

===== 

polarty relations!** Ming less man 20 ms. 

STSTSsoyd. ieng<h .1 sine. »< said waaeteeme. 
polarity relationships is less than 10 ms. 

portion with substantially less energy than .ts neg 
ative portion. 

alive portion. 

JUESft (eas anergy <ha» ■» 
portion. 
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i ft An electric arc welding system for seating a first 
18. An eiecun. a v o urrent waveform be- 
AC welding arc wrth a fust cunwn .w 

tween a first electrode "^gj^ wtth . 

pulse controlled by a wave S P 
o, said waveforms controHe^ by 9 ^ 

opposite polarity portion of said one waveform. 
19. An electric arc weiding system for creating a first 



AC welding arc with a first - Jj^ £ 

^een a first ^f^^^ding arc with a 
power supply and a secono « c _ 

trode and a workpiece oy^ » ed in 

as said first and second ^cj^»^ d 
unison along a welding path sa.d trot J™ 8 

wherein each waveform has a P° srt J m the max . 
atimelengthandmax™^ 

^ Um TTb^SCthe maximum 
said one waveform. 

. is or 19 wheretn the time '^9™ subst antially 
25 0 f said other of said waveforms. 

forms. 

22. An e,«* "^SSSi'SS.S 

power »w rreatina its waveform by a 
switching inverter c eating frequenC y 

pulse controlled by a wave sr. h 

of said waveforms "J^^^pition 
wherein said first waveform has a posii.v r 

Sg s Jd an. 0. said saonnd »avat.m*. 
55 ». An e»* - ^^SS^ 
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26. 



same shape but opposite in polarity, 
aity vertical when switching between polant.es. 

A„ elect* arc welding ayetem lor creaang . M 
AC ««ng .rc with a lirst cun e nt wavetonr. »e- 

.raid litst and aecand etectrodee are moved in 
S,Sr S a»e» 9 P* rid « «* -^J 

: h ^r«ACwavar=™.9an. ra »»a W 
dal in at least one polarity. 

cal when transitioning between polant.es. 

is generally sinusoidal in both polant.es. ^ 
29 Anelertncarcweldingsystemasdefined^anyone 

?,™ iS 9e3.. l l,ainusoidal i nbo»rpol«n»ea. 
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